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Abstract 
The reactivity and high fuel conversion efficiency of metal oxide as oxygen carrier are two of the most important 
functions that can be research in order to make chemical looping combustion (CLC) a reality. In this study, oxygen 
carriers of Fe2O3, supported by titanium oxides were prepared to evaluate the feasibility as oxygen carriers for 
chemical looping by thermogravimetric analyzer (TGA), as well as gas conversion in a fixed bed reactor (FBR). 
Supported Fe2O3 oxygen carriers and sintered in air at 1100°C is a suitable preparation parameter to demonstrate 
reasonable oxygen conversion. The reduction mechanism of supported Fe2O3 oxygen carriers were proposed in 
accordance with TGA and x-ray diffraction analysis (XRD) characterizations. Fe2TiO5 and inherent TiO2 as 
supporting material would be formed and carried on FBR in practical operation. The preparation of FT-03 (80% 
Fe2O3 and 20% TiO2) oxygen carrier demonstrated high CO2 yields regarding to syngas (10% H2 and 10% CO in N2) 
and methane (10% CH4 in N2) combustion in FBR, operated at temperatures higher than 500 and 900°C, respectively. 
Moreover, great mechanical strength and reasonable reactivity of supported Fe2O3 oxygen carriers were also 
examined by texture analyzer with well-suited for used in CLC. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Carbon dioxide (CO2) as one of the anthropogenic greenhouse gases (GHGs) has been rapidly grown 
by 39% above pre-industrial levels in recent years [1]. For reduction of CO2 emissions, use of renewable 
energies such as solar, wind, biomass is considered a long-term destination in place of fossil fuel to 
generate energy. In the near future, CO2 capture for utilization and storage (CCUS) is currently developed 
for mitigating CO2 emitted into atmosphere [2].  
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To meet the economical requirement, chemical looping combustion (CLC) technology is proposed and 
considered as a combustion technology with high potential to substantially cut down the cost of CO2
capture [3]. It is typically consisted of a fuel reactor and an air reactor and utilizes the oxygen present in 
metal oxides as oxygen carriers circulating between the reactors for fuel combustion [4]. In the fuel 
reactor, combustion between oxygen carriers and carbonaceous fuels yields CO2 and H2O as described by 
Eq. (1). In the air reactor, reduced oxygen carriers are oxidized as described by Eq. (2) to generate heat for 
applications. 
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The aim of this study is to present the behavior of oxygen carrier Fe2O3 supported on several ratio of 
TiO2 in CLC, which was focused on the reactivity and stability with multiple cycles, crystallization and 
pellets strength, performance of the CO2 yield (    ) were also investigated with different operating 
temperature. The CO2 yield (       ) is defined as: 
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Nomenclature 
: CO2 yield                                  : molar flow rates of H2                               : mass of fully oxidized oxygen carriers 
  : molar flow rates of CO2             : molar flow rates of CH4                   : mass of fully decomposed to oxygen carriers 
      : molar flow rates of CO            : conversion of oxygen carriers           : mass as function of time  
2. Experiment 
Titanium-supported Fe2O3 oxygen carriers (Fe2O3/TiO2) with various Fe2O3 fractions (60, 67, 80, 90 
and 95wt%) were prepared by mixing Fe2O3 (China Steel Corp., 99%) and TiO2 (Sigma, 99%) powders  
in ball miller at 380 rpm for 30 minutes, and made it into pellet form with both diameter and height are 
3mm. The Fe2O3/TiO2 pellets were then sintered in a muffle furnace at 1100°C for 2 hours. The prepared 
oxygen carriers were examined for reactivity by a thermogravimetric analyzer (TGA, Netzsch STA 449-
F3), crystalline phase by X-ray diffraction (XRD, Bruker D2 Phaser), crush strength test by texture 
analyzer and CO2 yield with syngas (10% H2 and 10% CO in N2) and methane (10% CH4 in N2) 
combustions were determined in a fixed bed reactor (FBR). 
3. Results and discussion  
3.1. Characterization of oxygen carrier 
For applications of Fe2O3/TiO2 pellet in reactor use, they were usually pelletized to provide stronger 
mechanical strength to sustain the bumping in the reactor system. In Table 1, Fe2TiO5 can be found to be 
the major crystalline phase after sintering at 1100oC when Fe2O3 content was more than 67wt%. Besides, 
the crushing strength also increased with increasing the Fe2O3 content because of the interspace between 
Fe2O3 and TiO2 is possibly greater than Fe2O3 particles which generated more space in the prepared 
Fe2O3/TiO2 particles. The pelletized particles would be substantially reduced for more compact packing in 
the pellet. Therefore, the crush strength is greatly enhanced by pelletizing process. The pelletized 
Fe2O3/TiO2 oxygen carriers were used for experiments in TGA to evaluate their reactivity and 
recyclability. 
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Table 1. Oxygen carrier composition and its characterizations when sintered at 1100oC 
Oxygen carrier Main crystalline phase Crushing strength (N)*
FT-01 (60% Fe2O3 and 40% TiO2) Fe2TiO5, TiO2 176
FT-02 (67% Fe2O3 and 33% TiO2) Fe2TiO5 187
FT-03 (80% Fe2O3 and 20% TiO2) Fe2O3, Fe2TiO5 196
FT-04 (90% Fe2O3 and 10% TiO2) Fe2O3, Fe2TiO5 > 220
FT-05 (95% Fe2O3 and 5% TiO2) Fe2O3, Fe2TiO5 > 220
*Crushing strength tested by ASTM D4179-11, and determines the average crush strength in the range from 0 to 220 N. 
3.2. Reactivity analysis of oxygen carriers 
Several reduction-oxidation (redox) cycles were carried out in TGA to analyze the reactivity of oxygen 
carriers. TGA chamber was raised with a ramping rate of 30°C/min in N2 atmosphere, and eventually kept 
at 900°C. 200 mL/min of 20% H2 and air as reducing and oxidizing gas, and redox cycling test for 
oxygen carriers was carried out by repeating the procedure described above, while the reducing as well as 
oxidizing times for each cycle were set to 5 min. The conversion for reduction of oxygen carriers is 
described by Eq. (4):  
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As depicted in Fig. 1. (a), the conversion of FT-01, FT-02 and FT-03 oxygen carrier were stabilized 
rapidly after the 5 redox cycle. The FT-03 oxygen carrier was maintained the highest conversion at above 
77.08% during continuous redox cycling indicating that the recyclability of Fe2O3 was considerably 
improved with appropriate TiO2 support. Unfortunately, the conversion of FT-04 and FT-05 oxygen 
carriers were decayed rapidly after the 5~10 cycle. Besides, Fig. 1. (b) and (c) show the structural changes 
of FT-03 oxygen carrier during activation. Fig. 1. (b) shows the lack of pores in fresh FT-03 oxygen 
carrier and a slight gain in porosity after 30 redox cycle in Fig. 1. (c). Throughout the redox cycles, there 
is a continuous appearance of macropores which generate a rise in porosity up. According to the work by 
Leion et al., the porosity development is also important for oxygen carrier with redox cycles [5]. 
                  
Fig. 1. (a) Conversion of oxygen carriers with various Fe2O3 fractions using 20% H2 as reducing gas conducted by TGA at 900°C (b) 
Fresh FT-03 oxygen carrier pellet (c) reacted FT-03 oxygen carrier pellet. 
3.3. Performance evaluation for chemical looping combustion 
The combustions of syngas and methane with FT-03 oxygen carrier were employed in a fixed bed 
reactor at temperatures ranging from 200 to 1000°C. In Fig. 2, the CO2 yields of syngas combustion was 
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noticeable for experiment conducted at 350°C, and reached 100% for experiments conducted at 
temperatures higher than 500°C. Based on the thermodynamic analysis by previous researchers. Also, the 
CO2 yields of methane combustion were observed for experiment conducted at 700 °C and reached 100% 
for experiments conducted at temperatures higher than 900 °C. 
Fig. 2. CO2 yields for syngas and methane combustions varied with reaction temperatures in the fixed bed reactor packed with FT-
03 oxygen carrier. 
4. Conclusion 
Fe2O3/TiO2 oxygen carrier containing 80wt% Fe2O3 (FT-03) and sintered at 1100°C is a suitable 
preparation parameter to demonstrate reasonable oxygen conversion. It can stable and continuous for 
redox over 30 cycles. The prepared FT-03 oxygen carriers demonstrated high CO2 yields regarding to 
syngas and methane combustion in the fixed bed reactor, operated at temperatures higher than 500 and 
900°C, respectively. FT-03 oxygen carrier that examined by crush strength and TGA demonstrated proper 
crush strength and reasonable reactivity, indicating FT-03 oxygen carriers are preliminary validated as 
oxygen carrier for chemical looping combustion. 
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